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Abstract: We present data for 61 years (1938 to 1998) on the recruitment of juvenile (i.e., young-of-the-year) whooping cranes 
(Grus americana) for the 1 natural wild population that nests in the vicinity of Wood Buffalo National Park (WBNP) in Canada 
and migrates annually to wintering grounds in the vicinity of Aransas National Wildlife Refuge (ANWR) on the Gulf coast of 
Texas in the United States. We divide these years into 2 data sets: years during which 1 of 2 eggs was collected from WBNP 
nests (to develop captive populations and to conduct reintroduction experiments), and years during which no eggs were collected. 
We compare these 2 sets of years in terms of recruitment of juveniles into the AransasIWood Buffalo Population (A WP) and 
fall arrivals at ANWR of "twin" juvenile birds with one set of parents. Recruitment of juvenile birds into the A WP (defined 
as the percent of juvenile cranes in the A WP arriving at ANWR in the fall) was significantly (P = 0.032) greater during years 
of no egg collection at the nesting grounds. During the 34 years of no egg collection at WBNP, 16 pairs of "twin" juveniles 
arrived at ANWR in the fall. During the 27 years of egg collection at the nesting grounds, no pairs of "twin" juveniles arrived 
at ANWR in the fall. 
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With only 1 self-sustaining wild population of whooping 
cranes in the world, the importance of management decisions 
concerning that population can not be overstated. One of 
those decisions was whether or not to collect "surplus" eggs 
(i.e., 1 of2 eggs) from wild nests in WBNP. The goals of egg 
collection were to bolster captive populations, provide 
additional birds for reintroduction experiments, and add to 
the diversity of the gene pool in the captive stock that consti-
tutes a major hedge against extinction of the species. 
In 1%7, the decision to begin collecting eggs from wild 
whooping crane nests in WBNP was based on the strong 
convictions of many crane experts that the development of a 
self-sustaining captive population of whooping cranes was a 
critical insurance policy because the one natural wild popula-
tion of these birds could become extinct as a result of a 
number of possible natural or anthropogenic catastrophes. 
After 30 years of management, the captive population of 
whooping cranes is self-sustaining and appears to be capable 
of producing adequate numbers of young cranes for reintro-
duction experiments. Therefore, beginning with the summer 
of 1997, collection of eggs from wild crane nests in WBNP 
was discontinued. Nevertheless, debate continues about the 
advisability of reinstating egg collection at WBNP. One point 
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of view is that the overall numbers of whooping cranes in the 
world (either captive or wild) could be increased if egg 
collection at WBNP were reinstated. A contrasting point of 
view is that, to date, biologists have been unsuccessful in 
establishing a second self-sustaining wild population of 
whooping cranes; and if egg collection at WBNP is in any 
way detrimental to the health and growth of the AWP, then 
egg collection should not be reinstated unless some unfore-
seen catastrophe threatens the whole captive population. 
In this paper, we do not attempt to answer the complex 
questions involved in the management decision-making that 
is ongoing with the world population of whooping cranes. 
We are simply presenting the most current data on previous 
egg collection activities at WBNP, and discussing some 
possible impacts of those activities on the A WP. 
METHODS 
The files for both WBNP and ANWR were reviewed for 
the most current data on egg collection at WBNP and arrivals 
of the A WP at ANWR each fall (i.e., from October until the 
last cranes arrive, sometimes into January). Because only the 
ANWR files date back to 1938, recruitment of juvenile 
whooping cranes into the A WP was defined as the percent of 
the A WP that was juvenile birds (i.e., young of the year) 
when the flock arrived each fall at ANWR. Although there 
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are several other possible measures of crane productivity, the 
WBNP data contain some of these measures only for the years 
since egg collection began. Therefore, there was no way to 
compare these other measures for the egg-collection years 
versus the no-egg-collection years. 
The percent of the arriving A WP that was juvenile birds 
was calculated for each year from the wintering season of 
1938-39 through the wintering season of 1998-99. The 
number of pairs of "twins" arriving each fall in the A WP also 
was noted for each of these years. The years were divided 
into 2 groups: years in which eggs were collected at WBNP, 
and years in which there was no egg collection. Statistical 
tests were conducted to compare recruitment rates during 
these 2 groups of years. An F-test for equality of variances 
(Bailey 1995:215) revealed that the variances in annual 
recruitment rates were not equal for the 2 groups of years 
being considered (F = 2.54, P < 0.01). Statistical tests of 
nonnality (Anderson-Darling, Ryan-Joiner, and Kolmogorov-
Smimov: see Minitab 1998) revealed that the annual recruit-
ment rates were distributed approximately normally for each 
of the 2 sets of years. Therefore, the mean annual recruitment 
rates were compared statistically by using a t-test for 2 
samples with unequal variances. 
RESULTS 
Table 1 presents the recruitment and mortality data for 
the A WP from 1938 through 1998. Recruitment averaged 
13.70% (SE = 0.(085) for the entire period for which we have 
data. Mortality averaged 9.93% (SE = 0.0113). For the sixty 
years for which there is both recruitment and mortality data, 
the average difference between recruitment and mortality (or 
the average annual growth rate of the population) was 3.84% 
(SE = 0.0126). 
Table 2 presents the recruitment and "twin" data for the 
egg-collection years versus the no-egg-collection years. 
During egg-collection years, the mean recruitment per year 
was 11.76% (SE = 0.0091). During years of no egg 
collection, the mean recruitment per year was 15.24% (SE = 
0.0130). A 2-sample I-test showed a significant difference 
between these two groups (I = 2.20, P = 0.032). 
Table 2 also shows that no sets of "twins" arrived at 
ANWR during the egg-collection years. During the no-egg-
collection years, 16 sets of "twins" arrived at ANWR. Based 
on the mean number of sets of twins (0.47 sets of twins per 
year) produced during the no-egg-collection years (n = 34), 
we estimated that approximately 13 sets of twins could have 
been produced during the 27 years when eggs were collected 
atWBNP. 
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DISCUSSION 
Weare not attempting to answer in this paper the 
complex questions involved in making management decisions 
about the world population of Whooping cranes. In addition, 
we have not attempted to conduct any type of experimental 
research that could possibly lead to eventual conclusions 
about the cause and effect relationships between wild-egg 
collection and impacts on the A WP. For obvious reasons, 
such research would have to be conducted with a surrogate 
species of crane that is not endangered, and such research 
would have to involve long-term commitments of resources 
and interested personnel. However, with this brief paper, we 
do hope to dispel a 16-year-old myth that has developed in the 
crane literature and become ingrained in the "working 
knowledge" of a number of crane experts. 
In the 1983 International Crane Workshop, Kuyt 
(1987:368) made the statement: "Egg removals have not only 
been carried out without adverse effects on the productivity of 
the wild population, but may have actually enhanced chick 
survival and consequent recruitment of subadult birds into the 
breeding segment of the population." Kuyt based this 
statement on the fact that there was an increase in the average 
absolute number of chicks surviving in the A WP during a 
number of egg-collection years versus a number of no-egg-
collection years. His data did indicate a larger average 
number of chicks surviving, and a larger total population size, 
during the egg-collection years he looked at. However, 
productivity (as opposed to production or output) is generally 
defined as a ratio measure, not simply an absolute number. 
In reality, the average productivity of the A WP (here 
defined as recruitment or the percent of the A WP that were 
young of the year) actually declined during egg-collection 
years. As Table 2 shows, the average annual recruitment 
during egg-collection years was 11.76%. Average annual 
recruitment during no-egg-collection years was 15.24%. The 
difference is statistically significant, and these data are 
consistent with the whooping crane recruitment data 
published by Drewien et al. (1995), who also noted lower 
recruitment during years when eggs were collected from 
WBNP. 
The misinterpretation or mistaken inference occurred 
when Kuyt labeled absolute growth as productivity. Many 
other authors have cited Kuyt's (1987) conclusions, and thus 
a myth or "common knowledge" seems to have developed 
suggesting that egg collection did no harm and actually may 
have benefited the productivity of the wild flock. 
In fact, without controlled experiments, we can make no 
sound statements about the impact of egg collection on 
productivity. The difference in average annual recruitment 
during these two sets of years may be due to one or several 
factors unrelated to egg collection. 
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Table 1. Recruitment and mortality in the AransaslWood Buffalo population of whooping cranes. 
White Birds Not 
Adults and Returning the 
Years TotalAWP Subadults Juveniles Recruitment % Next Fall Mortality % 
38-39 18 14 4 22.2222 3 16.6667 
39-40 22 15 7 31.8182 1 4.5455 
40-41 26 21 5 19.2308 12 46.1538 
41-42 16 14 2 12.5000 1 6.2500 
42-43 19 15 4 21.0526 3 15.7895 
43-44 21 16 5 23.8095 6 28.5714 
44-45 18 15 3 16.6667 0 0.0000 
45-46 22 18 4 18.1818 0 0.0000 
46-47 25 22 3 12.0000 0 0.0000 
47-48 31 25 6 19.3548 4 12.9032 
48-49 30 27 3 10.0000 0 0.0000 
49-50 34 30 4 11.7647 8 23.5294 
50-51 31 26 5 16.1290 11 35.4839 
51-52 25 20 5 20.0000 6 24.0000 
52-53 21 19 2 9.5238 0 0.0000 
53-54 24 21 3 12.5000 3 12.5000 
54-55 21 21 0 0.0000 1 4.7619 
55-56 28 20 8 28.5714 6 21.4286 
56-57 24 22 2 8.3333 2 8.3333 
57-58 26 22 4 15.3846 3 11.5385 
58-59 32 23 9 28.1250 1 3.1250 
59-60 33 31 2 6.0606 3 9.0909 
60-61 36 30 6 16.6667 2 5.5556 
61-62 39 34 5 12.8205 7 17.9487 
62-63 32 32 0 0.0000 6 18.7500 
63-64 33 26 7 21.212 1 3.0303 
64-65 42 32 10 23.8095 6 14.2857 
65-66 44 36 8 18.1818 6 13.6364 
66-67 43 38 5 11.6279 4 9.3023 
67-68 48 39 9 18.7500 4 8.3333 
68-69 50 44 6 12.0000 2 4.0000 
69-70 56 48 8 14.2857 5 8.9286 
70-71 57 51 6 10.5263 3 5.2632 
71-72 59 54 5 8.4746 13 22.0339 
72-73 51 46 5 9.8039 4 7.8431 
73-74 49 47 2 4.0816 2 4.0816 
74-75 49 47 2 4.0816 0 0.0000 
75-76 57 49 8 14.0351 0 0.0000 
76-77 69 57 12 17.3913 7 10.1449 
77-78 72 62 10 13.8889 4 5.5556 
78-79 75 68 7 9.3333 5 6.6667 
79-80 76 70 6 7.8947 4 5.2632 
80-81 78 72 6 7.6923 7 8.9744 
81-82 73 71 2 2.7397 6 8.2192 
82-83 73 67 6 8.2192 5 6.8493 
83-84 75 68 7 9.3333 4 5.3333 
84-85 86 71 15 17.4419 5 5.8140 
85-86 97 81 16 16.4948 8 8.2474 
86-87 110 89 21 19.0909 1 0.9091 
87-88 134 109 25 18.6567 15 11.1940 
88-89 138 119 19 13.7681 12 8.6957 
89-90 146 126 20 13.6986 13 8.9041 
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White Birds Not 
Adults and Returning the 
Years TotalAWP Subadults Juveniles Recruitment % Next Fall Mortality % 
90-91 146 133 13 
91-92 132 124 8 
92-93 136 121 15 
93-94 143 127 16 
94-95 133 125 8 
95-96 158 130 28 
96-97 159 144 15 
97-98 182 152 30 
98-99 183 165 18 
Average Annual Recruitment 
It is certainly true that the wild flock has continued to 
grow despite egg collection. It is also clearly true that egg 
collection was a good decision in tenns of developing the 
captive populations and hedging against extinction. But the 
following statements are not supported by the data presented 
in Kuyt (1987) nor by recruitment data derived from fall 
arrival counts at ANWR (Table 2): 
"The removal of one egg from a nest therefore actually 
increases the survival rate and has resulted in a gradual 
increase in the size of this flock of whooping cranes, which is 
known as the AransaslWood Buffalo population." (pratt 
1995). 
"Removals have not adversely affected the productivity of the 
wild population." (Lewis 1995:18). 
"Productivity data, before and during this era, suggest that 
this egg harvest may have actually increased the number of 
chicks fledged each fall in Canada." (Archibald and Lewis 
1996:24) 
" ... it has also been suggested that the practice of removing 
the second egg actually resulted in an increase in the number 
of chicks surviving in the wild." (D. H. Ellis, Patuxent 
Wildlife Research Center, personal communication). 
MANAGEMENT IMPLICATIONS 
Our main concern is that if the Kuyt (1987) article 
started a theory that is not supported by solid recruitment 
data, there is a danger that application of this "common 
knowledge" could be detrimental to the future growth of the 
A WP as well as other populations of endangered cranes or 
other endangered bird species. That is, based on some of the 
statements in the whooping crane literature during the last 16 
8.9041 22 15.0685 
6.0606 11 8.3333 
11.0294 9 6.6176 
1l.l888 18 12.5874 
6.0150 3 2.2556 
17.7215 14 8.8608 
9.4340 7 4.4025 
16.4835 17 9.3407 
9.8361 
13.7033% Average Annual 9.9317% 
Mortality 
years, one might conclude that egg collection should be 
carried out in order to increase the productivity of wild flocks 
of endangered cranes. The data presented here indicate that 
such a conclusion would be totally unwarranted. 
If a management goal were to maximize the total world 
population of whooping cranes, regardless of whether they 
were wild or captive, then egg collection from WBNP might 
be warranted. On the other hand, if a management goal were 
to maximize the size of the AWP, then it can be argued that 
no egg collection from WBNP would be the best strategy. 
SUMMARY 
Sixty-one years of recruitment and mortality data are 
presented for the one natural wild population of whooping 
cranes (the A WP). Annual recruitment has stayed ahead of 
annual mortality by an average of 3.84% per year during this 
period. During 27 years of egg collection on the A WP 
nesting grounds, the annual recruitment rate averaged 
11. 76%. During 34 years of no egg collection, the annual 
recruitment rate averaged 15.24%. This difference in 
recruitment rates is statistically significant (t = 2.20, P = 
0.032). 
During the egg-collection years, no sets of "twin" 
juvenile whooping cranes arrived at ANWR in the fall after 
their hatching. During the no-egg-collection years, 16 sets of 
"twin" juvenile cranes arrived at ANWR in the fall after their 
hatching. 
We hope that these data will be considered strongly 
during future management decision-making concerning the 
possibility of reinstating egg collection activities at WBNP. 
Further, we hope that these data will help to dispel the 16-
year-old myth that egg collection from wild crane nests may 
actually increase the productivity of a naturally-wild crane 
population. 
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Table 2. Total recruitment and recruitment of "twin" juvenile whooping cranes in the A WP during years of no egg collection and 
years of egg collection. 
Years of No Egg Collection Years of Egg Collection 
Number of Nwnberof 
sets of sets of 
twins twins 
Total Adults and Juve- Recruitment arriving at Total Adults and Recruit- arriving at 
Years AWP subadults niles % Aransas Years AWP subadults Juveniles ment% Aransas 
38-39 18 14 4 22.2222 0 67-68 48 39 9 18.7500 0 
9-40 22 15 7 31.8182 2 68-69 50 44 6 12.0000 0 
40-41 26 21 5 19.2308 1 69-70 56 48 8 14.2857 0 
41-42 16 14 2 12.5000 0 71-72 59 54 5 8.4746 0 
42-43 19 15 4 21.0526 1 74-75 49 47 2 4.0816 0 
43-44 21 16 5 23.8095 0 75-76 57 49 8 14.0351 0 
44-45 18 15 3 16.6667 0 76-77 69 57 12 17.3913 0 
45-46 22 18 4 18.1818 1 77-78 72 62 10 13.8889 0 
46-47 25 22 3 12.0000 0 78-79 75 68 7 9.3333 0 
47-48 31 25 6 19.3548 0 79-80 76 70 6 7.8947 0 
48-49 30 27 3 10.0000 0 80-81 78 72 6 7.6923 0 
49-50 34 30 4 11.7647 0 81-82 73 71 2 2.7397 0 
50-51 31 26 5 16.l290 1 82-83 73 67 6 8.2192 0 
51-52 25 20 5 20.0000 0 83-84 75 68 7 9.3333 0 
52-53 21 19 2 9.5238 0 84-85 86 71 15 17.4419 0 
53-54 24 21 3 12.5000 0 85-86 97 81 16 16.4948 0 
54-55 21 21 0 0.0000 0 86-87 110 89 21 19.0909 0 
55-56 28 20 8 28.5714 2 87-88 134 109 25 18.6567 0 
56-57 24 22 2 8.3333 0 88-89 138 119 19 13.7681 0 
57-58 26 22 4 15.3846 0 89-90 146 126 20 13.6986 0 
58-59 32 23 9 28.1250 4 90-91 146 133 13 8.9041 0 
59-60 33 31 2 6.0606 0 91-92 132 124 8 6.0606 0 
61-62 39 34 5 12.8205 0 93-94 143 127 16 11.1888 0 
62-63 32 32 0 0.0000 0 94-95 133 125 8 6.0150 0 
63-64 33 26 7 21.2121 2 95-96 158 130 28 17.7215 0 
64-65 42 32 10 23.8095 1 96-97 159 144 15 9.4340 0 
65-66 44 36 8 18.1818 0 
66-67 43 38 5 11.6279 0 
70-71 57 51 6 10.5263 0 
72-73 51 46 5 9.8039 0 
73-74 49 47 2 4.0816 0 
97-98 182 152 30 16.4835 1 
98-99 183 165 18 9.8361 0 
Sets of Twins Arriving In No Egg-Collection 16 Sets of Twins Arriving In Egg-Collection Years 0 
Years 
Mean Recruitment-No Egg Collection 15.2435%" Mean recruitment-Egg Collection 11.7639%8 
Standard Error 0.0130 Standard Error 0.0091 
at-test for the difference between these means was statistically significant (t = 2.20, P = 0.032). 
ACKNOWLEDGMENTS increases to removing eggs and disturbing nesting pairs of 
cranes. We also thank D. Gill, Professor of Biology at the 
Our sincere thanks to S. G. Fisher, amateur naturalist, University of Maryland, for his advice and critique of the 
who kept questioning the logic of attributing productivity paper, M. Raillard, Canadian Wildlife Service, for his review 
16 EGG COLLECTION AND RECRUITMENT· Cannon et al. 
and suggestions, and E. Woodsworth, Biostatistician for the 
Canadian Wildlife SeIVice, for his advice about the statistical 
treatment of the data. Finally, we thank S. A. Nesbitt and an 
anonymous reviewer for substantive and editorial suggestions. 
LITERATURE CITED 
Archibald, G. w., and J. C. Lewis. 1996. Crane biology. Pages 1-
29 in D. H. Ellis, G. F. Gee, and C. M. Mirande, editors. 
Cranes: their biology, husbandry, and conservation. U.S. 
Department of the Interior, Washington, D.C., and the Interna-
tional Crane Foundation, Baraboo, Wisconsin, USA. 
Bailey, N. T. J. 1995. Statistical methods in biology. Cambridge 
University Press, Cambridge, England. 
Drewien, R. C., W. M. Brown, and W. L. Kendall. 1995. Recruit 
Proc. NorthAm. Crane Workshop 8:2001 
rnent in rocky mountain greater sandhill cranes and comparison 
with other crane populations. Journal of Wildlife Management 
59:339-356. 
Kuyt, E. 1987. Management and research of whooping cranes, 
1965-1982. Pages 365-369 in G. W. Archibald and R. F. 
Pasquier, editors. Proceedings 1983 international crane 
workshop. International Crane Foundation, Baraboo, Wiscon-
sin, USA. 
Lewis, J. C. 1995. Whooping crane (Grns americana). In A. Poole 
and F. Gill, editors. The birds of North America, No. 153. 
Academy of Natural Sciences, Philadelphia, Pennsylvania, and 
American Ornithologists' Union, Washington, D.C., USA. 
Minitab. 1998. User's guide 2: data analysis and quality tools. 
Minitab, State College, Pennsylvania, USA. 
Pratt, J. 1995. Dutch contribution to American conservation. 
Avicultura 1, No.9. 
